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In t roduct ion  

I n  1980 t h e  I n s t i t u t e  of  Gas Technology (IGT) i n s t a l l e d  la rge-sca le  dry ing ,  
gr inding ,  s c reen ing  and t r a n s p o r t  equipment f o r  process ing  of Minnesota pea t  i n  an 
e x i s t i n g  p i l o t  p l a n t  designed t o  produce s u b s t i t u t e  n a t u r a l  gas  (1 ) .  The f a c i l i t y ,  
located a t  E T ' S  Energy Development Center i n  Chicago, is  capable o f  drying 16 tons  
per  hour of  as-received-peat (60-75 w t  % moisture con ten t )  t o  a con t ro l l ed  product- 
moisture-content ranging  between 5 and 50 w t  %. Subsequent sc reening  and gr inding  
opera t ions  produce a -20+80 USS mesh s i z e  product f o r  i n j e c t i o n  i n t o  t h e  f lu id i zed  
bed g a s i f i e r .  See F igu re  1.  

Since  t h i s  was t h e  f i r s t  l a rge - sca l e  a t tempt  i n  t h i s  country t o  prepare and 
t r anspor t  pea t  a t  mois ture  l e v e l s  as low a s  5 w t  %, two major ques t ions  were asked: 
1 )  What procedures and what type  o f  equipment would be requi red  t o  process ,  
t r anspor t  and s t o r e  p e a t ,  and 2 )  what a f f e c t  would these  ope ra t ions  have on t h e  
phys ica l  and chemical c h a r a c t e r i s t i c s  o f  t h e  peat? 

The success fu l  ope ra t ion  o f  t h e  pea t  feed p repa ra t ion  system (2000 tons  o f  wet 
The r e s u l t s  o f  t hese  e f f o r t s  a r e  summarized pea t  processed)  provided these  answers. 

i n  t h i s  paper. 

Design Condi t ions  

S ince  t h e  s e l e c t i o n  o f  appropr i a t e  equipment and the  d e f i n i t i o n  o f  handling 

The s e l e c t i o n  o f  drying equipment, 
p recaut ions  were p r e r e q u i s i t e s  o f  t he  des ign  phase,  I G T ' s  p rocess  development group 
concentrated its i n i t i a l  e f f o r t s  i n  t h i s  a rea .  
capable of  provid ing  a wide range of product moisture con ten t s ,  rJceived the  h ighes t  
p r i o r i t y .  
temperatures s u f f i c i e n t l y  such t h a t  t he  chemical composition o f  t h e  pea t  would not  
be a f f ec t ed  even when d r i e d  t o  5 w t  % moisture.  
were contac ted  and a l l  commercially a v a i l a b l e  equipment evaluated. The types  of  
dryers  considered included: r o t a r y  drum d r y e r s ,  f l a s h  d rye r s ,  and fluidized-bed 
dryers .  Grinding and screening  equipment was a l s o  eva lua ted .  Design cons idera t ions  
included t h e  a b i l i t y  t o  handle a range o f  moisture con ten t s ,  a b i l i t y  t o  handle 
f ib rous  and woody material, and minimization o f  f i n e s  production. 

Technical Research Center  o f  Finland t o  survey a v a i l a b l e  da t a  i n  t h e  Scandinavian, 
Russian, and German l i t e r a t u r e  and t o  provide summary r e p o r t s  o f  t h e i r  
f i nd ings (2 ,3 ) .  
a s  pea t  mois ture  c o n t e n t s  a r e  lowered. 

0 When the  moisture con ten t  is 35-405, pea t  d u s t  i s  only  s l i g h t l y  
suscep t ib l e  t o  explos ion  and when t h e  moisture con ten t  is 40-50%, 
the dus t  is not  e x p l o s i b l e  under ord inary  condi t ions .  

o As t h e  moisture con ten t  decreases ,  t h e  minimum exp los ib l e  

One o f  t h e  most important s e l e c t i o n  c r i t e r i a  was the  a b i l i t y  t o  moderate 

Both fo re ign  and U.S. companies.  

I n  order  t o  i d e n t i f y  proper  handling precaut ions ,  IGT commissioned t h e  

These r e p o r t s  d i d  ind ica t e  t h a t  a d d i t i o n a l  precaut ions  must be taken 
Ex i s t ing  d a t a  ind ica t ed  tha t :  

concent ra t ion  o f  p e a t  dus t  decreases .  

As t h e  mois ture  conten t  decreases ,  t h e  maximum pres su re  and t h e  
maximum r a t e  of  p re s su re  rise o f  the  pea t  d u s t  explos ion  increase .  

0 
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0 A s  the  mois ture  conten t  decreases ,  t he  minimum i g n i t i o n  energy of t h e  
pea t  d u s t  cloud a l s o  decreases .  

Commercial experience a l s o  provided t h e  following recommendations: 

0 

0 I s o l a t e  high r i s k  equipment. 
o 
0 Locate equipment outdoors.  

A s  a r e s u l t  o f  these i n v e s t i g a t i o n s  and recommendations, a f i n a l  p rocess  
conf igura t ion  was s e l e c t e d  f o r  t h e  pea t  prepara t ion  f a c i l i t y .  

Operate continuous r a t h e r  than batch processes .  
i 

I 
Design mass flow systems f o r  small q u a n t i t i e s .  

Process Descr ip t ion  

F igure  2 p re sen t s  t h e  equipment s e l e c t e d  f o r  t he  pea t  feed p repa ra t ion  
f a c i l i t y .  
outdoor s to rage  area. I n  order  t o  f a c i l i t a t e  handling, t h e  pea t  is f i r s t  d r i ed  and 
then screened and ground t o  t h e  proper s i z e  cons is tency .  A t r i p l e -pass  r o t a r y  drum 
dryer  was chosen t o  provide t h e  necessary f l e x i b i l i t y  i n  dry ing  capac i ty .  
Figure 3 .  
multiple-pass system. 
achieve  t h e  same moisture reduct ion ,  a r e  hindered s u f f i c i e n t l y  t o  ob ta in  t h e  
necessary drying time. A 50 mi l l i on  Btu/h n a t u r a l  gas  burner provides a h o t ,  co- 
cu r ren t  a i r  stream wi th  a maximum i n i t i a l  con tac t  temperature o f  1200'F. 
conten t  of t he  pea t  is con t ro l l ed  by the  e x i t  a i r  temperature,  which t y p i c a l l y  
ranged between 110' and 260% f o r  moisture con ten t s  between 40 and 5 w t  I .  

Peat is rece ived  unt rea ted  from t h e  bog and s to red  a t  t h e  s i te  i n  an 4 
See 

Peat i s ,  f o r  t h e  most p a r t ,  conveyed by the  ho t  f l u e  gases  through t h e  
Large p a r t i c l e s ,  which r equ i r e  longer  res idence  times t o  

Moisture 

I 

Since  the d rye r  system p resen t s  t he  h ighes t  r i s k  for d u s t  i g n i t i o n ,  i s o l a t i o n  
was provided by r o t a r y  va lve  s e a l s .  
r e l i e f  doors were provided as a d d i t i o n a l  sa feguards .  
bucket e l eva to r  were used t o  t r anspor t  t h e  d r i ed  pea t  t o  t h e  screening  and dry ing  
system. 
An ove ra l l  view of the  pea t  prepara t ion  f a c i l i t y  is shown i n  F igure  4. 

Product pea t  was then de l ivered  t o  e i t h e r  a high-pressure,  lockhopper feed 

I n  add i t ion ,  a steam quenching system and 
Sea led  screw conveyors and a 

Conventional s c reene r s  and a hammer m i l l  were chosen t o  s i z e  t h e  product.  

i n j e c t o r  (4), s l u r r y  p repa ra t ion  o r  400-ton s to rage  s i l o s .  A l l  s t o rage  b i n s  were 
purged with n i t rogen  t o  provide an i n e r t  atmosphere and were monitored f o r  oxygen 
content .  
pea t  conta in ing  mois ture  con ten t s  as low as 5 w t  % i n  a r e l i a b l e  and s a f e  manner. 

These des ign  cons ide ra t ions  have r e s u l t e d  i n  t h e  con t ro l l ed  product ion  o f  

Test Resul t s  

Once opera t ion  o f  the  f a c i l i t y  was begun, d a t a  were c o l l e c t e d  t o  determine t h e  
e f f e c t s  on t h e  phys ica l  and chemical p r o p e r t i e s  o f  t h e  pea t  during the  va r ious  
processing s t eps .  Minnesota p e a t ,  obtained from t h e  Northern Pea t  Company, Grand 
Rapids, Minnesota, exhib i ted  a remarkable uni formi ty  i n  chemical composition and 
moisture conten t .  
t h e  standard dev ia t ion  f o r  a sample s i z e  of seven are g iven  i n  Tables  1 and 2. O f  
g r e a t e s t  concern was t h e  occas iona l  l ac ing  o f  t h e  'raw' pea t  wi th  semi-decomposed 
t r e e  r o o t s  and stumps, as wel l  as g rave l  picked up during ha rves t ing  ope ra t ions  i n  
t h e  f i e l d .  

Average va lues  f o r  s i z e  d i s t r i b u t i o n  and chemical composition and 

These materials were removed by a 2x2 s t a t i o n a r y  screen. 

One of  t h e  main des ign  cons ide ra t ions  f o r  t h e  s e l e c t i o n  o f  t h e  dry ing  system 
was t o  minimize overhea t ing  and chemical degrada t ion  of  the  pea t  p a r t i c l e  dur ing  
drying. Samples o f  pea t  e x i t i n g  the  d rye r  were rou t ine ly  taken and analyzed f o r  
chemical composition. Table 3 compares va lues  a t  moisture l e v e l s  o f  5.3, 10.1, 
16.0, and 22.0 W t  % a g a i n s t  those  of raw pea t  conta in ing  68.9 w t  % moisture.  
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be seen t h a t  no s i g n i f i c a n t  change i n  chemical composition occurs  dur ing  the  d ry ing  
opera t ion .  

S i z e  d i s t r i b u t i o n  changes do occur as p e a t  is dr i ed .  Table 4 and Figure  5 

S u f f i c i e n t  s i z e  reduct ion  occurs t o  warrant sc reening  p r i o r  t o  g r ind ing  t o  a 
provide a comparison o f  s i e v e  ana lyses  f o r  va r ious  mois ture  l e v e l s  e x i t i n g  t h e  
dryer .  
-20+80 USS product s i z e .  

Another i s s u e  o f  i n t e r e s t  is t h e  homogeneity o f  t h e  moisture l e v e l  f o r  t h e  
pea t  e x i t i n g  t h e  d ry ing  system. 
conten t  as a func t ion  o f  p a r t i c l e  s i z e  f o r  va r ious  pea t  samples exh ib i t i ng  average  
moisture levels o f  30, 36, and 42 w t  5. 
where downstream process ing  would tend to encourage segrega t ion .  For in s t ance ,  
sc reening  a rea  requi rements  can be a f f ec t ed  by both the  feed r a t e ,  p a r t i c l e  shape  
and moisture conten t  o f  t he  pea t .  

Figure 6 i n d i c a t e s  t h e  v a r i a t i o n  i n  moisture 

Th i s  is p a r t i c u l a r l y  important i n  c a s e s  

S imi l a r  concerns  were r a i s e d  about t he  chemical composition v a r i a t i o n  as a 
func t ion  o f  p a r t i c l e  s i z e .  Data taken o f  t h e  product ,  f i n e s  and ove r s i ze  streams 
from the  screening  ope ra t ion  (Table 5 )  do not  i n d i c a t e  any s i g n i f i c a n t  d i f f e r e n c e  i n  
chemical composition. 

Summary 

Data c o l l e c t e d  dur ing  an opera t ing  period which processed over 2000 tons  o f  
as-received Minnesota pea t  have shown t h a t  pea t  can be d r i ed ,  screened and f i n e l y  
ground i n  a r e l i a b l e  and s a f e  manner. Moisture reduct ion  t o  as low as 5 w t  % can be 
obtained i n  p roper ly  designed systems without chemical degrada t ion  o f  t h e  product.  
Some reduct ion  i n  t h e  s i z e  d i s t r i b u t i o n  o f  t h e  Minnesota pea t  d id  occur dur ing  t h e  
drying opera t ion .  I n  add i t ion ,  the  moisture conten t  of  t h e  product is  no t  
completely homogeneous. Moisture conten t  does  vary with p a r t i c l e  s i z e ,  however, 
chemical composition does  not  vary  s i g n i f i c a n t l y  wi th  p a r t i c l e  s i z e .  
were subsequently used i n  eva lua t ing  process  and equipment requirements f o r  
downstream ope ra t ions  i n  the  g a s i f i c a t i o n  p i l o t  p l an t .  Segrega t ion ,  f o r  i n s t ance ,  
of the  product Deat was discouraaed i n  o rde r  t o  ensure uniform l e v e l s  o f  moisture i n  

These f ind ings  

t h e  feed t o  t h e - g a s i f i e r .  
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Table 1. AVERAGE SIZE DISTRIBUTION FOR AS-RECEIVED MINNESOTA PEAT 

Screen Analysis ,  U.S.S.,  wt X 

+ 10 

+ 20 
+ 30 
+ 60 
+ 80 
+loo 
+zoo 
+230 

PAN 

TOTAL 

42.3 

25.6 

9.2 

12.9 

3.7 
2.1 

1.2 

2.1 

0.9 

100.0 

Standard Deviat ion 

4.6 

2.1 

1.1 

3.9 

1.0 
0.8 

0.4 

0.5 

0.6 

Table 2. AVERAGE CHEMICAL COMPOSITION FOR AS-RECEIVED MINNESOTA PEAT 

Chemical Ana lys i s ,  w t  % 

Proximate (Dry) 

V o l a t i l e  Matter 

Fixed Carbon 
Ash 

TOTAL 

Moisture  

U l t i m a t e  (Dry) 
Carbon 

Hydrogen 

S u l f u r  

Nitrogen 

Oxygen 
Ash 

TOTAL 

59.4 

23.2 

17.4 

100.0 

68.9 

48.3 

5.0 

0.3 

2.1 

26.9 

17.4 

100.0 

Standard Deviat ion 

1.1 

1.3 

1.2 

1.0 

1.3 

0.2 

0.05 

0.1 

0.7 

2.2 
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Table 5 .  COMPARISON OF CHEMICAL COMPOSITION FOR PEAT OF DIFFERENT SIZE FRACTIONS 

Descript ion 

Mass F rac t ion ,  w t  % 
( U . S .  Sieve)  

+20 

-20 t o  +80 

-80 

Proximate Analysis, wt Z 
V o l a t i l e  Matter 

Fixed Carbon 

Ash 
TOTAL 

Ultimate Analysis ,  wt  % 

Carbon 

Hydrogen 
Sulfur  

Nitrogen 

Oxygen 
Ash 

TOTAL 

Moisture, w t  % 

Bulk Densi ty ,  l b / f t 3  

DRYER 
DISCH. 

30.1 

53.0 

16 .9  

59.4 

25.0 

1 5 . 6  

100.0  

49.3 

5 . 1  

0 . 4  

2.2 

21.4 

15 .6  

100.0 

7.1 

27.8 

FINES - 

0.1 

1 . 6  

92.3 

57 .0  

23.0 

20.0 

100.0 
- 

46.1 

4.9 

0 . 3  

2.2 

25.9 

20 .0  

100.0 

7.9 

30 .1  

OVER SIZED 
SIZE PRODUCT - 

93.5 3.5 

6 . 1  94.0 

0 .4  2.5 

60.2 58.7 

24.3 24.6 

15.5 - 15.7 

100.0 100.0 

49 .3  49 .2  

5 . 1  5 . 2  

0.3 0 . 3  

2 . 1  2 .2  

21 .1  21.4 

15 .5  - 15.7  

100.0  100.0 

1 1 . 4  7 .7  

26.6 26 .8  
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Figure  1. PEATGAS PILOT PLANT FACILITY 
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Figure  2 .  PEAT PREPARATION 
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Figure 3. TRIPLE-PASS DRYER SELECTED FOR THE PEAT DRYING SYSTEM 

Figure 4 .  DRYING SYSTEM IN OPERATION 
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Figure  5. GRAPHICAL REPRESENTATION OF THE SHIFT IN 
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Figure 6. PEAT MOISTURE CONTENT AS A FUNCTION OF PARTICLE SIZE FOR SAMPLES 
EXHIBITING AN AVERAGE MOISTURE CONTENT OF 4 2 ,  36 AND 30 W t  % 
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